In patients with acute coronary syndrome who were performed coronary arteries' revascularization, in the postoperative period disorders of hemodynamics and heart rate variability often develop. The aim of our work was to optimize the cardiac rehabilitation of such patients by individualization of physical activity depending on the state of systolic and diastolic left ventricular dysfunction and heart rate variability. 40 patients with acute coronary syndrome and coronary artery revascularization were included into the experimental group. The control group consisted of 20 patients of the same age, clinical and laboratory manifestations of ACS who were treated according to the protocol of Ministry of Health of Ukraine. In both groups of patients clinical efficacy of cardiac rehabilitation process was evaluated according to the dynamics of clinical symptoms, systolic and diastolic left ventricular function and heart rate variability. In patients with acute coronary syndrome and coronary artery revascularization in the initial state the clinical and laboratory signs of myocardial ischemia disappear, but subclinical and clinical manifestations of heart failure remain. During the first month of training, the original accelerated cardiac rehabilitation program leads to the decrease of systolic and diastolic signs of cardiac dysfunction and improves heart rate variability, which significantly improves the quality of life of these patients. For monitoring the efficacy and safety of the performance of cardiac rehabilitation program in patients with acute coronary syndrome and coronary artery revascularization, in addition to conventional methods (determination of heart rate, blood pressure, 6-minute test), it is useful to diagnose subclinical stage of heart failure by examination of systolic, diastolic function and vegetative regulation.
Problem statement and analysis of the recent research
Acute coronary syndrome is considered to be a major cause of cardiovascular mortality in the world [2, 11] , thus, today searching for the best treatment programs, including rehabilitation, for such category of patients is a priority [3] . Cardiac rehabilitation is effective method of cardiac patients' treatment, who are recovering from acute cardiac heart disease (myocardial infarction, unstable angina, acute heart failure), surgical interventions and invasive procedures (revascularization, heart and large vessels surgery) from a medical point of view (effects on survival and quality of life) as well as economically beneficial for health care system and society in developed countries [5, 6, 8] . Today, evidence database on the effectiveness of cardiac rehabilitation is quite big and shows that the complex cardiac rehabilitation programs significantly reduce the mortality, risk of development and progression of heart failure, recrudescent hospitalizations, and necessity for revascularization and significantly improve the quality of patients' life [4.10] . It should be noted that even during use of modern high-tech cardiac surgical and pharmacological treatment, cardiac rehabilitation significantly reduces above mentioned risks [12] . The mortality from cardiovascular diseases decreased by 20-30% due to the introduction of rehabilitation and prophylactic programs during last 30 years in Western Europe and the USA [7] .
It is believed that the significant effect of cardiac rehabilitation on survival and life quality of patients with myocardial infarction is mediated by several factors, including physiological physical activity, psychological benefits of group support and counseling, improved compliance of prophylactic therapy and improved control of cardiovascular risks [9, 13] . Unfortunately, even with such obvious advantages, the use of cardiac rehabilitation is limited. Only about 25% of patients in the United States are involved in such programs. In Ukraine, the introduction of modern technologies and methods of cardiac rehabilitation are at an early stage [3, 4] . Rehabilitation programs for patients with acute coronary syndrome and coronary arteries revascularization are not approved enough.
Therefore, the objective of our work was to optimize the cardiac rehabilitation methods of patients with acute coronary syndrome and coronary arteries revascularization by individualization of physical activity depending on the state of systolic and diastolic left ventricular dysfunction and heart rate variability.
Material and methods of research
40 patients with acute coronary syndrome (ACS) and coronary artery revascularization (balloon angioplasty and placement of a stent) were included into the experimental group. 25 (62.5%) patients were diagnosed ACS with ST-segment elevation according to the clinical protocol and recommendations of the Expert Group of Ministry of Health of Ukraine (2017), and 15 (37.5%) patients -ACS without ST-segment elevation. The average age of the examined patients was 52.6±6.7 years and ranged from 37 to 74 years. The control group consisted of 20 patients with ACS of the same age, clinical and laboratory manifestations, who were treated only by medications: direct anticoagulants, dual antiplatelet therapy, β -blockers, ACE inhibitors and statins. In patients of this group cardio-surgical intervention has not been conducted due to their written refusal. The groups were comparable of age, sex, anthropometric indices and general clinical status. Patients of the experimental group were divided into 2 subgroups. The first subgroup consisted of 21 (52.5%) patients with ACS and cardiac revascularization in combination with standard treatment and rehabilitation program according to the protocols of the Ministry of Health of Ukraine. The second subgroup included 19 (47.5%) patients with ACS and cardiac revascularization in combination with standard treatment and accelerated rehabilitation program [4] . The essence of this program is that after the selection and stratification of patients' risk, each participant was trained in the method of counting the heart rate, self-monitoring of blood pressure and measuring of the traveled distance. The program of accelerated cardiac rehabilitation included eight degrees of increasing physical activity (complex of exercises, walking, treadmill, veloergometer). It was performed under the control and with the help of the medical staff. The exercise correction was performed after control of the components of the program by analyzing clinical parameters (the presence and degree of angina pectoris, breathlessness, data of heart rate and blood pressure in calm and after a 6-minute walk test, ECG). Every 10-15 days the dynamics of biochemical parameters (lipidogram, glycemia, creatinine, ALT and AST) was performed. The duration of the accelerated rehabilitation program was from 2 to 4 weeks and depended on the functional class of the patient. Monitoring of the therapy and cardiac rehabilitation effectiveness was carried out 1 month after the beginning of the program.
The diagnosis of myocardial infarction and the stage of heart failure and indications for coronary arteries revascularization were determined according to the recommendations of the European Society of Cardiologists [11, 15] . The systolic and diastolic functions of the left ventricle were evaluated by Echo-CG (Philips HD11XE, the USA). EDD (end-diastolic diameter), ESD (end-systolic diameter), EF (ejection fraction), PAP (mean pulmonary artery pressure), and E (early diastolic filling velocity), A (late diastolic filling velocity), E/A (the ratio of the early (E) to late (A) ventricular filling velocities) IVRT (isovolumic relaxation time), DT (deceleration time), E' (early diastolic velocity of the mitral annulus), E/e' (ratio of the early diastolic filling velocity to the early diastolic velocity of the mitral annulus) were evaluated in Doppler mode. HRV (heart rate variability) was assessed by Holter ECG on the device CardioTens. The spectral parameters of HRV: TP (total power), HF (high-frequency waves), LF (low-frequency waves), LF/HF (ratio of low-to high-frequency component) were evaluated.
Results and their discussions
In the initial state, in patients of both clinical groups, a significant difference in the subjective complaints and objective status was not recorded. It should be noted, that in patients of both clinical groups in the initial state, the frequency of angina pectoris symptoms and the necessity for short-acting nitrates were not significantly different. The subjective complaints were confirmed by the results of the instrumental examination, which also showed a lack of reliable difference of initial state between the left ventricular systolic, diastolic function and autonomic regulation disorders in patients of both groups. At the same time, the significant reduction in exercise tolerance by the results of a 6-minute walking test in patients of both groups was noted. One month after the start of the treatment, the significant improvement in the general clinical status according to the subjective (life quality assessment), objective and laboratoryinstrumental research was noticed in patients with coronary artery revascularization. In the experimental group of patients, the self-esteem quality of life increased by 18.4%. These patients did not feel unsatisfactory complaints, relapses of angina pain or need of nitrates. At the same time, in a significant proportion of examined patients of control group, a decreased quality of life (80.0%), cardialgia or chest pain (70.0%), palpitations (45.0%), sweating, breathlessness at daily loads (35.0%) and general weakness (60.0%) were remained.
In the initial state, in patients of the experimental and control groups a significant difference in change of left ventricular systolic and diastolic function was not noticed. According to the obtained data (Table 1) , 1 month after initiation of treatment, patients treated with accelerated rehabilitation program had a positive dynamics in reducing the size of LA by 7.1%, EDV by 13.9%, ESV by 16.0% and PAP by 16.8% compared to patients treated by standard rehabilitation program, which was accompanied by an increase of EF by 2.8% (> 0.05).
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Comparing the indicators of left ventricular systolic function in patients treated with accelerated rehabilitation program and the control group, the decreasement of the size of LA by 15.2%, EDV by 21.3%, ESV by 25.3% and PAP 30.9% was noticed in 1 month from the beginning of treatment, which was accompanied by an increase of EF by 6.2% (<0.05). At the same time, in these patients, compared with the control group, the E value significantly increased by 22.0% (Table 2 ).
In patients with ACS, who were treated by standard rehabilitation program, the E value increased by 12.0% (p> 0.05) compared with the control group. Comparing the E value between patients of the experimental group, it was found that in patients of the second subgroup, the E rate was significantly higher compared to patients in the first subgroup. Analyzing changes of the A value after 1 month of treatment, it was found that in patients in the first subgroup, this figure increased by 12.5% compared with the control group. The A value in patients of the second subgroup increased by 50.0% compared with the control group and by 33.3% -compared with patients in the first subgroup. In 1 month after the start of treatment, the E/A ratio of patients with ACS, who were treated by accelerated rehabilitation program decreased by 21.3% compared with the control group and by 19.0% compared with patients of the first subgroup. At the same time, the main role in differentiation of the pseudonormal type of LVDD from the changes in patients without LVDD was provided by the indicators of tissue dopplerchocardiography and its combination with data pulsed dopplechocardiography. As the disease progresses, the velocity of the fibrous ring of the mitral valve E' decreases in the relaxation and pseudonormal type of LVDD, due to an increase of the myocardium rigidity.
The E/E' ratio in patients with relaxation type of LVDD is less than 10, due to the decrease of E and E' indexes, but in patients with pseudonormal type of LVDD, this value is more than 10. This is explained by the fact that the progression of LVDD increases the pressure in the left atrium, and due to this there is a pseudonormalization of the flows: the peak E increases, but E' decreases and for this reason ratio E/E' increases. In our study in the examined patients of the second subgroup the E' significantly increased per 2.0 times, and in patients in the first subgroup -per 1.5 times compared with the control group in 1 month after the start of treatment. At the same time, in patients with ACS who were treated by standard rehabilitation program, the E/E' ratio was 10.95±0.58, which is characteristically for the pseudonormal type of LVDD. In patients with ACS who were treated by for accelerated rehabilitation program, the E/E' ratio was 8.69±0.23, which is characteristically for relaxation type of LVDD.
After 1 month of therapy, in patients of the first and second subgroups LVDD improved due to the significant increasement of DT value by 5.5% and 16.8%, respectively, compared with the control group. In patients of the first and second subgroups, the IVRT value was also significantly higher (by 9.5% and by 27.9% respectively) compared with the control group. The results of changes in left ventricular systolic and diastolic function under the influence of cardiac rehabilitation coincide with the data of world literature [1. 10] .
Overall, after 1 month of treatment in 22 patients (55.0%) of experimental group the relaxation type of LVDD was diagnosed and in 18 examined patients (45.0%) -pseudonormal type. In patients of first subgroup relaxation type of LVDD was diagnosed in 9 patients (42.9%) and pseudonormal -in 12 (57.1%). Among examined patients of the second subgroup relaxation type of LVDD was diagnosed in 13 patients (68.4%) and pseudonormal -in 6 patients (31.6%). The results, obtained in this research, indicate that use of accelerated rehabilitation program in postoperative period in patients with ACS and coronary arteries revascularization contributes to more effective elimination of heart failure clinical manifestations and disorders of left ventricular systolic and diastolic function.
At the same time, in patients with ACS the functional state of autonomic vegetative cardiac regulation is disturbed, which leads to imbalance of sympathetic and parasympathetic effects on the heart and can greatly influence the course of coronary artery disease and development of subclinical heart failure. In the initial state of the patients of both groups significant hypersympathetic tone and increasement of sympatho-vagal index (LF/HF) were noted, which leads to inhibition of vegetative regulation and a decreasement of TP (Table. 3).
One month after the start of treatment, the Holter monitoring of the ECG was re-examined for all patients. In comparison with baseline data, in patients with ACS who were treated with accelerated rehabilitation program, a significant increase of TP was found, as compared with the control group (by 25.6%) and with patients who were treated with a standard rehabilitation program (by 14.2%). In patients of the second subgroup the LF value was significantly higher (by 42.3%) compared with the control group and by 24.6% higher compared with patients who were treated with standard rehabilitation program. In control group, the HF value growth more slowly, which indicated an increasement of the sympathovagal index compared with baseline data. In patients of the second subgroup, this value was by 1.7 times higher than in patients of control group and by 1.5 times higher, compared with the patients of the first subgroup. The obtained data indicate a significant increase of parasympathetic influences on cardiac muscle in patients who were treated with accelerated rehabilitation program.
One month after complex drug therapy and accelerated rehabilitation program, the sympatho-vagal index (LF/HF) was lower in patients of the experimental group compared with control due to the more rapid growth of HF value. In patients of the second subgroup, LF/HF value was significantly lower (by 28.2%) compared with the control group and by 19.6% lower compared to the first subgroup of patients. These changes indicate a decrease of hypersympathetic tone in patients of second subgroup.
The control methods used in this trial for improving the
